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APOLLO 10 (MISSION F)  SPACECRAFT 

L 

OPERATIONAL ALTERNATE MISSION PLANS 

VOLUME I1 - ALTERNATE LUNAR MISSIONS 

By Rocky D. Duncan 

1 . 0  SUMMARY AND INTRODUCTION 

This document i s  t h e  second of three.ablumes e n t i t l e d  Apollo 10  
(Mission F )  Spacecraf t  Operational Al te rna te  Mission Plans.  
t h i s  document presents  t h e  a l t e r n a t e  lunar  missions f o r  Apollo 10  ( M i s -  
s i on  F )  exclusive of t h e  lunar  rendezvous plans.  

S p e c i f i c a l l y ,  

The guide l ines  used f o r  t h e  luna r  a l t e r n a t e  missions were t h e  
fol lowing.  . 

1. P r i o r i t y  of LM t e s t i n g  over CSM t e s t i n g  

2.  Operations wi th in  t h e  lunar mission t i m e  l i n e  as c lose ly  as 
poss ib l e  

3. No requirement f o r  addi t iona l  crew t r a i n i n g  

The a l t e r n a t e  missions presented i n  t h i s  document are summarized i n  
t h e  following paragraphs.  Decision log ic  f o r  t h e  a l t e r n a t e  lunar  m i s -  
s i ons  i s  presented i n  flow chart  1. 

1.1 Alternate  1 

1.1.1 Nonnominal TLI  requirement f o r  an MCC which would preclude 
t h e  nominal mission p ro f i l e . -  

1. Al te rna te  l a  - CSM/LM lunar o r b i t a l  mission with DPS LO1 

2 .  Al te rna te  l b  - LM t e s t i n g  during t r a n s l u n a r  coast  with CSM-only 
l u n a r  o r b i t a l  mission 

3. Alternzte IC - CSM/L! flyby 
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1 . 2  Al te rna te  2 

1.2.1 Fai lure  t o  perform T ,  D ,  and E.- Al te rna te  2 i s  a CSM-only - 
lunar  o r b i t a l  mission. 

1.3 Al te rna te  3 

1 .3 .1  

1. Alternate  3a - Docked DPS TEI 

LM NO-GO f o r  undocking and rendezvous.- 

2 .  Alternate  3b - APS burn t o  deple t ion  i n  lunar  o r b i t .  

1 . 4  Al te rna te  4 

1.4.1 CSM communications f a i l u r e  i n  lunar  o rb i t . -  Al te rna te  4 i s  
an SPS T E I  with APS s tage .  

Of prime considerat ion f o r  t h e  a l t e r n a t e  missions presented i n  t h i s  
document a r e  t h e  crossovers  between t h e  use  of one a l t e r n a t e  in s t ead  of 
another .  
lunar  o r b i t a l  mission and a f lyby mission? The dec is ion  depends on t h e  
end of mission AV reserve  philosophy. 
f o r  Apollo 8 and p r i o r  t o  publ ica t ion  of t h i s  document had not been re- 
solved f o r  Apollo 10 (Mission F ) .  
not only t o  present t h e  a l t e r n a t e s  but  a l s o  t o  present  data so  t h a t  t h e  
dec is ion  log ic  between a l t e r n a t e s  .can be resolved f o r  t h i s  mission.  

For example, what i s  t h e  deciding f a c t o r  between a CSM-only 

This philosophy w a s  never r e s o b e d  

It i s  t h e  purpose of t h i s  document 

. 
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2.0 ABBREVIATIONS 

APS 

CDH 

CLA 

CSI 

CSM 

D O 1  

DPS 

E 1  

FCSD 

FTP 

g . e . t .  

G&N 

I 

LIM 

SP 

LO1 

LOS 

LPO 

MC C 

MSC 

NAR 

PC 

RCS 

SPS 

ascent  propuls ion system 

constant d i f f e r e n t i a l  he ight  

contingency landing area 

c o e l l i p t i  c sequence i n i t i a t i o n  

command and se rv ice  modules 

descent o r b i t  i n s e r t  ion 

. descent propuls ion system 

en t ry  i n t e r f a c e  

F l igh t  C r e w  Support Division 

fill t h r o t t l e  pos i t ion  

ground elapsed t ime 

guidance and navigation 

s p e c i f i c  impulse 

lunar module' 

l una r  o r b i t  i n se r t ion  

loss of  s i g n a l  

l una r  parking o r b i t  

midcours e co r rec t  ion 

Manned Spacecraf t  Center 

North American Rockwell 

per icynthion 

r eac t ion  con t ro l  system 

se rv ice  propuls ion system 
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T, D ,  a d  E t r anspos i t i on ,  docking, and ex t r ac t ion  

TE C 

T E I  

TLC 

T L I  

TP I 

AV 

t r ansea r th  coast  

t r a n s e a r t h  i n j e c t i o n  

t r ans luna r  coast  

t r a n s  lunar  i n s e r t i o n  

t e rmina l  phase i n i t i a l i z a t i o n  

change i n  ve loc i ty  

. 

. 
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3.0 DISCUSSION 

t 

3.1  Al te rna te  1 - Contingency: Nonnominal T L I  Requirement 
f o r  MCC Which Would Preclude t h e  Nominal Mission P r o f i l e  

A l t e rna te s  l a ,  l b ,  and IC are concerned with t h e  nonnominal T L I  
s i t u a t i o n s  from which it would not be poss ib le  t o  do an MCC t o  r e t u r n  
t o  t h e  nominal mission. 
as i n  t h e  nominal t ime l i n e .  After T ,  D ,  and E had been performed, a 
docked SBS maneuver of up t o  4000 f p s  would be  made t o  p l ace  t h e  CSM/LM 
on a f ree- re turn  circumlunar t r a j e c t o r y .  
t ude ,  t h e  r e s u l t a n t  CSM/LM weight configurat ion would r e s u l t  i n  a DPS 
abor t  c a p a b i l i t y  of approximately 3000 fps .  
abor t  c a p a b i l i t y  i s  ava i l ab le  by j e t t i s o n  of t h e  LM. 

I n  t h i s  case, T ,  D ,  and E would be performed, 

Based on a burn of t h i s  magni- 

An add i t iona l  3300 f p s  

3 .1 .1  Al te rna te  l a  - CSM/LM luna r  o r b i t a l  mission with DPS L0I . -  
A l t e rna te  l a  would be used f o r  a s i t u a t i o n  i n  which t h e  f i r s t  SPS MCC 
would preclude an SPS, LOI-1, LOI-2,.and T E I .  

The dec is ion  t o  perform an SPS LO1 would be a func t ion  of t h e  end 
of mission AV reserve  philosophy. 

The fol lowing AV requirements were taken from reference  1 f o r  
@ t h e  May 1969 launch window. 

1. Range of LOI-1, AV 2 2950 f p s  t o  3040 fps  

2 .  LOI-2 AV Y 138 f p s  

3.  Range of TEI AV 2658 fps  t o  4150 f-ps 

The TEI  AV requirements a r e  based on t r a n s e a r t h  f l i g h t  times from 
Other considerat ions i n  t h e  reserve approximately 47 t o  126 hours.  

budget are as follows . b 

1. CSM rescue i n  Lunar o rb i t  = 790 fps  

2 .  Translunar MCC AV = 120 f p s  

%e nominal t r ansea r th  f l i g h t  t i m e  f o r  t h e  May 18  window ranges 

bThese would not be t o t a l e d  s i n c e  t h i s  would be allowing f o r  double 

from 47 t o  53 hours. This t i m e  is not  r e f l e c t e d  i n  re ference  2.  0 
f a i l u r e  o r  contingencies ( i . e . ,  CSM rescue and weather avoidance 
requirements ) . 



3. Weather avoidance at. E 1  minus 24 hours = 800 fps  

4. G&N. f a i l u r e  i n  luna r  o r b i t  120 fps  

I f  a la rge  SPS MCC were reqLired because of a nonnominal T L I ,  then  
t h e  items l i s t e d  on t h e  previous page would have t o  be t raded  o f f  before 
coinmitment t o  an SPS L0I. The major cons idera t ion  i n  t h e  AV r e se rve  
philosophy i s  the t r a n s e a r t h  f l i g h t  t i m e  requirement.  The o the r  absolu te  
AV requirements (LOI-1 and LOI-2) a r e  re1Latively i n f l e x i b l e .  

The CSM-only AV c a p a b i l i t y  following any docked SPS burn i s  presented 
i n  f i g u r e  1, and AV requirements compared t o  t r a n s e a r t h  f l i g h t  t i n e  across  

a t h e  May 1969 launch window are presented i n  f i g u r e  2 .  
burns ( M C C ,  LOI-1 ,  and LOI-2) a r e  s m e d  and i f  t h e  sums are used with 
f igu res  1 and 2 ,  t h e  t r a n s e a r t h  f l i g h t  t i m e s  t h a t  can be achieved can be 
def ined.  Because t h e  d i s c r e t e  so lu t ions  t o  t h e  165" W CLA f o r  each 
launch day a l s o  are shown i n  f i g u r e  2 ,  t h e  approximate end of mission 
AV reserves  can be  der ived based on a r e t u r n  t o  t h i s  landing s i t e .  The 
end of mission AV reserve  philosophy w a s  not resolved f o r  Apollo 8 i n  
t h e  mission ru les  and has not y e t  been resolved for Apollo 10 (Mission F). 

If t h e  docked SPS 

If f o r  any one of  t h e  considerat ions l i s t e d  above it were decided 
not -to do an SPS LOI, then  a docked DPS LO1 could be performed. 
DPS L O 1  p r o f i l e  would be t o  burn t h e  DPS t o  i n s e r t  t h e  SC i n t o  a high 
apocynthion lunar  o r b i t .  Subsequently, t h e  SPS would be used t o  c i r -  
cu l a r i ze  t h e  o r b i t  t o  t h e  nominal 60-n. m i .  o r b i t .  
s t r a i n t s  and guidel ines  apply t o  using t h e  DPS for L O I .  

The 

The fol lowing con- 

1. The LOI-I. maneuver should be t a rge ted  such t h a t  t h e  subsequent 
SPS burn i s  a minimum of 40 seconds i n  dura t ion .  This condi t ion  i s  based 
on t h e  cons t ra in t  i n  re ference  2 which s t a t e s  t h a t  a f t e r  a docked SPS 
burn,  t he  next SPS burn must be a t  least 40 seconds i n  dura t ion  t o  
guarantee SPS mult i res tar t  c a p a b i l i t y .  The constrain- t  w i l l  i n su re  t h a t  
any helium w i l l  be c leared  out which might have accumulated i n  t h e  SPS 
feed l i n e s  because of t h e  l a r g e  negat ive u l l a g e .  The CSM-only AV t h a t  
r e s u l t s  from a 40-second burn i s  compared t o  m a s s  a t  burn i n i t i a t i o n  
i n  f i g u r e  3. 

a A mean curve of t r a n s e a r t h  f l i g h t  t i m e  compared with AV f o r  t h e  
The curve i s  i n  e r r o r  up May launch window i s  presented i n  f igu re  2 .  

t o  50 f p s  f o r  sgme days. The da ta  have been generated i n  d e t a i l  across  
each da i ly  launch window and w i l l  be documented i n  an NSC! internal note .  

. 

. 
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. 
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! I 
2 .  I n  add i t ion  t o  t h e  f i rs t  c o n s t r a i n t ,  NR has f u r t h e r  recommended.’! 

t h a t  because of t h e  c r i t i c a l i t y  of t h e  SPS i n  lunar  o r b i t  t h e  DPS LO1 
should not be performed unless t h e  SPS sump tanks  a r e  f u l l .  
and sump tank  configurations a r e  genera l ly  i l l u s t r a t e d  i n  f i g u r e  4. 
cause t h e  s to rage  tanks are depleted f i r s t  and they  con ta i a  about one-half 
of t h e  SPS f u e l ,  f o r  t h e  sump tanks t o  be full a t  LO1 r equ i r e s  t h a t  no 
more than  one-half of t h e  SPS f u e l  can be burned p r i o r  t o  LOI.  
F mission loading, ha l f  of t h e  SPS f u e l  i s  20 108 pounds, which corresponds 
t o  a docked SPS AV of approximately 2400 f p s  p r i o r  t o  LOI .  

The s to rage  
Be- 

Based on 

3. m e  DPS should not be burned t o  dep le t ion .  Enough f u e l  should 
be he ld  i n  reserve  t o  perform t h e  nominal mission rendezvous p r o f i l e .  
The rendezvous AV requirements are as follows. 

Burn 

D O 1  

Phasing 

I n s e r t  i on  

CSI 

CDH 

TPI 

To ta l  

AV, f p s  

73 

193 

213 

50 

6 

25 

* 560 

Propulsion system 

DPS 

DPS 

APS 

RC S 

RC S 

RCS 

c 

It i s  recommended t h a t  1000 pounds of  DPS f u e l  be reserved f o r  
rendezvous. 
a low DPS I 

i s  s o r e  than s u f f i c i e n t  t o  fly the e n t i r e  rendezvous p r o f i l e  with t h e  DPS 
i f  requi red .  
b i l i t y  based on a low f u e l  loading ( 0  t o  1200 l b )  can be determined from 
f i g u r e  5.  

This allotment i s  qu i t e  conservative because based on even 
of 300 seconds it w i l l  y i e l d  approximately 685 f p s ,  which 

If a smaller reserve w e r e  considered, t h e  DPS AV capa- 

SP 

Apogee a l t i t u d e  compared t o  bu-n time f o r  a t y p i c a l  TLI  burn i s  
presented  ii1 f i g u r e  6 .  Because apogee a l t i t u d e  increases  so  r a p i d l y  
near  t h e  end of t h e  burn ,  a very small premature shutdown can r e s u l t  i n  
a l a r g e  MCC t o  r e t w n  t o  t h e  nominal t r a j e c t o r y .  -. Typical MCC AV 
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requirements a t  2 ,  3, 5 ,  and 7 hours a f t e r  TLI cu tof f  a r e  shown i n  
f i g u r e  7 f o r  var ious apogee e l l i p s e s  t h a t  r e s u l t  from premature S-IVB 

shutdowns during TLI  . a 

The SPS f u e l  used and t h e  mass t h a t  r e s u l t s  a f t e r  docked SFS burn 
F ine l ly ,  docked DPS AV capab i l i t y  based on a r e  presented i n  f i g u r e  8. 

CSM/LM mass a t  burn i n i t i a t i o n  i s  presented i n  f igu re  9. 
DPS AV capab i l i t y  f o r  LO1 can be ascer ta ined  from these  curves,  based 
on SPS propel lant  required t o  co r rec t  a nonnominal T L I .  

The r e s u l t a n t  

A l l  t h e  curves a r e  presented so  t h a t  t h e  AV t r a d e o f f s  involved 
i n  commitment t o  R DPS L O 1  can be shown. This commitment would involve 
some very complicated decis ion log ic  i f  it were not f o r  cons t r a in t  
2 l i s t e d  above; t h a t  i s ,  LO1 w i l l  not be performed with t h e  DPS unless  
t h e  SPS sump tanks a r e  f u l l .  The cons t r a in t  d i c t a t e s  t h a t  no more than 
ha l f  of t h e  SPS f u e l  be used p r i o r  t o  LO1 (20 108 lb) and t h a t  t h e  
t o t a l  pre-LO1 SPS AV be less than 2421 fps. 
would produce a docked DPS AV c a p a b i l i t y  of 2460 fps  with 1000 pounds 
of propel lan t  reserved f o r  rendezvous. 

The r e s u l t a n t  CSM/LM mass 

The AV and r e s u l t a n t  apogee a l t i t u d e s  a r e  presented i n  f i g u r e  10  
as a funct ion of  burn time f o r  an LO1 burn on t h e  May 17 launch window. 
The previously descr ibed DPS AV would i n s e r t  t h e  CSM/LM i n t o  approximately 
a 60- by 700-n. m i .  o r b i t  ( f i g .  1 0 ) .  It a l s o  can be seen from f i g u r e  10 
t h a t  even with t h e  m i n i m u m  DPS AV of 1950 fps  ( f u l l  SPS t anks )  t h e  LM 
would be capable of i n s e r t i o n  i n t o  a 60- by 1600-11. m i .  o r b i t .  Therefore ,  
based on t h e  previously l i s t e d  ground r u l e s  t h e  range of l una r  o r b i t s  
of which t h e  DPS i s  capable are from 60 by TOO n.  m i .  t o  60 by 1600 n.  m i .  

The cutoff point  f o r  t h e  dec is ion  t o  perform an SPS burn or a LM 
DPS LO1 w i l l  depend on the  end of mission AV r e se rve  philosophy. 

For t h i s  document, a DPS LO1 f o r  t h e  May 17  launch window w a s  
simulated based on t h e  following p r o f i l e .  

1. 

2. 

3. 

The f i r s t  MCC used ha l f  of t h e  SPS f u e l  ( A V  = 2421 f p s ) .  

The CSM/LM mass a t  LO1 w a s  74 488 pounds. 

The DPS lunar  AV w a s  near t h e  m a x i m u m  c a p a b i l i t y  while a 
1000-pound fue l  reserve w a s  maintained f o r  rendezvous. 

. 

. 

a These data  were based on a premature S-IVB shutdown and do not 
consider any guidance d ispers ions .  The d a t a  a r e  provided as t y p i c a l  
da t a  and can be expected t o  vary somewhat f o r  d i f f e r e n t  launch azimuths 
and launch days. 
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c 

4. The burn p r o f i l e  w a s  10  percent  t h r u s t  for  1 5  seconds, and t h e  
remainder of t h e  burn was performed at FTP. 

5. The average I w a s  assumed t o  be 302.1 
SP 

A summary of t h e  DPS LO1 burn i s  presented i n  t h e  following t a b l e .  

T ime  of LO1 i n i t i a t i o n ,  hr:min:sec, g . e . t .  . . . . .  76:09:20;38 

Selenographic longitude of i n i t i a t i o n . ,  deg W . . . .  165.2 

. . . . . . . . . . . . . . . . .  Burn du ra t ion ,  sec 5 21 

Burn a r c ,  deg . . . . . . . . .  : . . . . . . . . .  35 .O 

AV, f p s  . . . . . . . . . . . . . . . . . . . . . .  2398 

DPS p rope l l an t  used, l b  . . . . . . . . . . . . . .  16 421.3 

Selenographic longitude of burn te rmina t ion ,  
d e g E  . . . . . . . . . . . . . . . . . . . . . .  159.9 

Period of LPO, h r  . . . . . . . . . . . . . . . . . .  3.02 

Al t i t ude  of per icynthion of LPO, n. m i .  . . . . . .  58.3 

Al t i t ude  of apocynthion of LPO, n. m i .  . . . . . .  707.0 

Cer t a in  key p ~ ~ g ~ 6 : t e r s  fnr t h i s  b ~ m  are 2bt . t . ed-  in ~ ? i g i i r ~  T I -  ' F + C F I I I S ~  
t h e  per iod  of t h i s  o r b i t  i s  approximately 3 hours,  t h e  SPS c i r c u l a r i z a -  
t i o n  burn w a s  performed near t h e  f irst  pericynthion. If an a d d i t i o n a l  
r evo lu t ion  of t r ack ing  were required p r i o r  t o  c i r c u l a r i z a t i o n ,  then  
some adjustments would have t o  be made i n  t h e  p o s t c i r c u l a r i z a t i o n  time 
l i n e ,  for  example, reduce t h e  r e s t  per iod o r  change t h e  time f o r  
i n i t i a t i o n  of t h e  DOI-day a c t i v i t i e s .  

A b r i e f  summary of t h e  SPS c i r c u l a r i z a t i o n . b u r n  i s  presented i n  
t h e  following table 

Time of i g n i t i o n ,  hr:min:sec, g . e . t .  . . . . . . . . . .  7:10:24 

Selenographic longi tude  of burn i n i t i a t i o n ,  deg W . . .  176.6 

Burn du ra t ion ,  sec . . . . . . . . . . . . . . . . . . .  43.1 

Burn a r c ,  deg . . . . . . . . . . . . . . . . . . . . .  2.8 
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A V ,  f p s  . . . . . . . . . . . . . . . . . . . . . . . . .  620.9 

SPS propel lant  used, l b  . . . . . . . . . . . . . . . . .  3460 

Note t h a t  t h i s  burn would have t h e  sho r t e s t  SPS burn dura t ion  based 
on t h e  ground ru l e s  es tab l i shed  f o r  t h i s  a l t e r n a t e .  

3.1.2 Alternate  l b  - LM t e s t i n g  during t r ans luna r  coast  with CSM- 
only luna r  o r b i t a l  mission.- I f  t h e  DPS LO1 i s  not performed, then t h e  
second p r i o r i t y  a l t e r n a t e  i s  a CSM-only luna r  o r b i t a l  mission. The LM 
t e s t i n g  would be performed during t h e  t r ans luna r  coast  phase of t h e  
mission. The following guidel ines  a r e  recommended f o r  a l t e r n a t e  l b .  

1. The LM t e s t i n g  should be performed e a r l y  i n  t r ans luna r  coast  
t o  avoid any t r a j e c t o r y  per turba t ions  caused by t h e  a c t i v i t i e s  assoc ia ted  
with t h e  LM burris ( separa t ion ,  cwxsLve maneuvers, e t c  . ) c lose  t o  t h e  
c r i t i c a l  pre-LO1 t r ack ing .  

2. 

3. 

No DPS burn w i l l  be performed. 

A n  unmanned APS burn t o  deple t ion  w i l l  be performed. This Surn 
w i l l  be ta rge ted  t o  place t h e  ascent  s t age  i n  a he l iocen t r i c  o r b i t .  

I 
I The e a r l i e s t  opportunity t o  perform LM checkout and - t e s t h g  i s  a t  

approximately TLI  p lus  19 hours.  
crew a c t i v i t y  period a f t e r  T L I .  
cedures would be followed as c lose ly  as poss ib le .  Between approximat,ely 
TLI p lus  23 hours and TLI  p l m  25 hours ,  t h e  DPS i s  s taged and an unmanned 
AF'S burn t o  depletion i s  performed. The APS burn t a r g e t i n g  t h a t  i s  
designed t o  place t h e  ascent s tage  i n t o  a h e l i o c e n t r i c  o r b i t  i s  very 
i n s e n s i t i v e  t o  t h e  l o c a l  ho r i zon ta l  burn a t t i t u d e  ( f i g .  1 2 ) .  It i s  
a r b i t r a r i l y  recommended t h a t  t h e  APS burn t o  dep le t ion  be made pi tched 
up 45' from the  l o c a l  hor izonta l .  This a t t i t u d e  w i l l  provide good LM 
high-gain communications during t h e  burn,  and t h e  ascent  s t age  should 
e a s i l y  go i n t o  an o r b i t  about t h e  sun. 

This t ime corresponds t o  t h e  second 
The nominal F missicn LM checkout pro- 

After  t h e  APS burn, t h e  CSM r e t u r n s  t o  t h e  nominal TLC t i m e  l i n e .  
The CSM then  w i l l  f l y  a CSM-only luna r  o r b i t a l  mission as descr ibed i n  
d e t a i l  i n  a l t e r n a t e  2. 

3 .1 .3  Alternate  IC - CSM/LM flyby.-  If n e i t h e r  a l t e r n a t e  l a  nor l b  
can be flown, then a CSM/LM f lyby  i s  flown with LM t e s t i n g  performed near  
per icynthion.  A t  PC minus 5 hours a f t e r  LM checkout, a DPS burn i s  
made t o  r a i s e  pericynthion and t o  e s t a b l i s h  a f r e e  r e t u r n  t o  a CLA. 
AV of t h e  burn will be up t o  500 f p s  ( ref .  3 ) .  

The 
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Shor t ly  a f t e r  per icynthion,  t h e  DPS i s  s taged and an unmanned APS 
burn t o  deple t ion  i s  performed. 
v e l o c i t y  vec to r ,  and t h e  r e s u l t a n t  AV of approximately 3866 f p s  should 
p lace  t h e  ascent  s t age  i n  an o r b i t  about t h e  sun. 

The APS burn i s  t a rge ted  along t h e  

The APS burn t o  deple t ion  was made near  per icynthion f o r  s eve ra l  
reasons.  

1. 

2.  

The LM was powered up and checked out  aiid ready f o r  a burn; 

Af te r  j e t t i s o n  of  t h e  ascent s t a g e ,  t h e  CSM i s  capable of a 
g r e a t e r  AV f o r  t h e  subsequent MCC and f o r  any weather avoidance problems. 

3. All a c t i v i t i e s  associated with an APS burn t o  deple t ion  (IM 
j e t t i s o n ,  evasive maneuvers , e t c .  ) wouId be performed e a r l y  i n  TEC and 
would not be a source of t r a j e c t o r y  per turba t ions .  I f  t h e s e  argurnents 
are  not f e l t  t o  be v a l i d ,  then  the  opt ion e x i s t s  t o  keep t h e  LM as a 
communications backup u n t i l  sho r t ly  pe ior  t o  en t ry .  

Af te r  s u f f i c i e n t  t r ack ing  of  t h e  CSM, an SPS maneuver i s  made t o  
r e t u r n  i n  t h e  s h o r t e s t  poss ib le  f l i g h t  time t o  a landing a t  the '  P a c i f i c  
C I A .  

3.2 Alternate  2 :  CSM-only Lunar  Orb i t a l  Mission 

I f  T ,  D ,  and E cannot be performed after T L I ,  then a CSM-only 
luna r  o r b i t a l  mission w i l l  be flown. This a l t e r n a t e  would a l s o  be 
used f o r  a nonnominal T L I  a s  described i n  a l t e r n a t e  l b .  
w=xlc? be tc f c l l o n  t h e  n o ~ r ? a l  Mission F t.i_me 1 inc work-rest cycles.  
I n  luna r  o r b i t ,  t h e  times nominally scheduled f o r  LM checkout, rendezvous, 
and t h e  APS burn t o  deple t ion  would be used f o r  landmark t r ack ing  and 
for  lunar sur face  photography. Included i n  t h e  p r o f i l e  are seve ra l  
revolu t ions  of MSFN t rack ing  of t h e  CSM i n  a low pericynthion o r b i t .  
Because a l t e r n a t e  2 i s  a r ad ica l  departure  f r o m t h e  nominal lunar  o r b i t  
t ime l i n e  and because t h e  lunar o r b i t  events  required c a r e f u l  scheduling, 
a more detailed time l i n e  i s  being generated f o r  it than  were generated 
f o r  t h e  o ther  a l t e r n a t e  missions. This effo-r t  p re sen t ly  i s  being 
coordinated with FCSD. 

The philosophy 

The event time l i n e  i s  i l l u s t r a t e d  i n  f igu res  13 and 1 4 .  On t h e  
L O 1  thy, the m_a,jnr p r t . i n n  o f  the  time ava i l ab le  i s  a l l o t t e d  t o  luna r  
sur face  photography. The photography cons i s t s  of oblique t a r g e t  of 
opportuni ty  coverage t o  t h e  north and t o  t h e  south of t h e  luna r  ground- 
t r a c k .  
Photography takes  up considerably less than  ha l f  of revolu t ion  3 
because of LOI-2 and t h e  associated a c t i v i t i e s .  
performed near  t h e  sunset  terminator on revolu t ions  3, 4 ,  and 5 .  

Photography i s  performed on revolu t ions  2,  3, and 4 ( f i g .  13 ) .  

Landmark t r ack ing  i s  
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S i t e  designat ion 

CP1 

CP2 

B 1  

Ccnsis tent  with t h e  nominal time l i n e ,  a r e s t  per iod i s  begun during 
t h e  f i f t h  revolut ion a f t e r  LOI .  

Selenographic l a t i t u d e  Selenographic longi tude 

0'53'N 170'09 E 

h046 N 138'14 E 

2'31 N 35'02 ' E  

A t  a g . e . t .  of approximately 94 hours or near t h e  end of revolu- 
t i o n  9 ,  t h e  crew ends an 8-hour r e s t  per iod.  
f o r  ea t ing  and for landmark t r ack ing  prepara t ions .  Near t h e  beginning 
of revolu t ion  11, landmark t r ack ing  i s  performed at CP1 near t h e  sun r i se  
te rmina tor ,  at CP2 near t h e  subsolar  po in t  of  t h e  sun, and a t  B 1  near 
t h e  sunset  terminator .  These landlnarks f o r  t h e  May 18 launch window a r e  

a shown below. 

Two hours are a l l o t t e d  

The sequence i s  repeated t o r  revolu t ions  1 2 ,  13 ,  and 1 4 .  Near t h e  end 
of revolu t ion  1 4 ,  a t  130.7' W ,  an SPS DO1 maneuver i s  performed t o  in-  
s e r t  t h e  CSM in to  a 60- by 8-n. mi. o r b i t .  
t o  p lace  t h e  pericynthion 15' up range of t h e  landing s i t e  as i n  t h e  
nonzinal descent p r o f i l e .  Burn time i s  compared i n  figure 15 with AV 
and r e s u l t a n t  gericynthion a l t i t u d e  f o r  t h e  maneuver. 

The burn i s  t a rge ted  

The CSM w i l l  remain i n  t h i s  o r b i t  f o r  t h r e e  revolu t ions .  On t h e  
f i r s t  two pericynthion passes ,  landmark t r ack ing  i s  attempted on Land- 
mark B1 .  The geometry and a t t i t u d e  requirements assoc ia ted  with t h e s e  
passes  over t he  s i t e  a r e  shown i n  f i g u r e  16. 
t h e  landmark i s  s o  rap id  i n  t h i s  low o r b i t ,  it i s  not expected t h a t  t h e  
crew w i l l  be able  t o  perform more than two or t h r e e  marks. 
per icynthion pass i s  used for v e r t i c a l  s t e r e o  photography. 

Because t h e  LOS r a t e  t o  

The t h i r d  

Near t h e  t h i r d  apocynthion of t h e  60- by 8-n. m i .  o r b i t ,  t h e  CSM 
i s  c i r cu la r i zed  i n  60-11. m i .  o r b i t .  
s t a r t e d  sho r t ly  t h e r e a f t e r  c o n s i t i t u t e s  a r e t u r n  t o  t h e  nominal mission 
p r o f i l e .  

A crew rest per iod which i s  

a The lacdmarks f o r  subsequent days have EO% y e t  been se l ec t ed .  The 
choice i s  being coordinated between FCSD and t h e  Lnnar Mapplng Sciences 
Division. 
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I '  

3.3 Al t e rna te  3 - Contingency: LM NO-GO f o r  
Undocking and Rendezvous 

3 .3 .1  Al te rne te  3a - DPS TE1.- If t h e  LM checkout i nd ica t e s  t h a t  
t h e  LM was NO-GO f o r  t h e  undocking but  t h a t  t h e  DPS w a s  GO f o r  a burn, 
then  b a s i c a l l y  t h e  a l t e r n a t e  mission would cons i s t  of a DPS T E I .  The 
docked DPS c a p a b i l i t y  compared with t h e  CSM/LM weight i s  shown i n  
f i g u r e  17. 
70 000 pounds. This weight w i l l  r e s u l t  i n  a DPS.AV c a p a b i l i t y  of 
approximately 2800 f p s  ( f i g .  9 ) .  The t r a n s e a r t h  f l i g h t  t ime c a p a b i l i t y  
based on t h i s  AV i s  shown i n  f i g u r e  2 f o r  t h e  May launch windows. 

Normally, t h e  CSM/LM weight a f t e r  LOI-2 i s  approximately 

The scheduling of t h e  DPS TEI i s  a major cons idera t ion  f o r  
a l t e r n a t e  3. A t r adeof f  e x i s t s  between performance of a DPS TEI  near 
t h e  nominal t i m e  of t h e  f irst  DPS burn ( D O I )  and de lay  of t h e  maneuver 
u n t i l  a f t e r  t h e  landmark t r ack ing  scheduled f o r  t h e  t h i r d  crew a c t i v i t y  
pe r iod  i n  luna r  o r b i t .  This t r a d e o f f ,  i n  t u r n ,  i s  a func t ion  of t h e  
bui ldup of t h e  s u p e r c r i t i c a l  helium pressure .  

' 

l i m i t s ,  t hen  t h e  time which w a s  formerly used f o r  rendezvous and f o r  
t h e  APS burn t o  deple t ion  may be used f o r  four  revolu t ions  of landmark 
t r a c k i n g  and f o r  a DPS T E I .  

h m  h m  occurs a t  98 30 g . e . t .  The AE'S burn occurs a t  109 00 g . e . t . ,  which 
allows approximately 10  hours and 30 minutes o r  a l i t t l e  over f i v e  
complete revolu t ions  t o  perform landmark t r ack ing  and t o  perform T E I .  
An i l l u s t r a t i o n  of t h i s  p r o f i l e  i s  shown i n  f i g u r e  17. 

If t h e  s u p e r c r i t i c a l  helium pressure  were wi th in  t h e  requi red  

Based on t h e  nominal f l i g h t  p l an ,  undocking 

A f t e r  t he  .fnim- revolu t ions  of landmark t r a c k i n g ,  a real-t ime 
dec i s ion  would have t o  be made as t o  whether t o  s t age  t h e  DTS aiid x- 
main i n  o r b i t  f o r  next day's a c t i v i t i e s  o r  t o  burn TEI .  If t h e  super- 
c r i t i c a l  helium pressure  i s  such t h a t  t h e  previously ou t l ined  p r o f i l e  
cannot be flown, it i s  recommended t h a t  t h e  DPS be staged. The landmark 
t r a c k i n g  would be performed during t h e  period ou t l ined  above and a l s o  
if requi red  on t h e  next day as i n  t h e  nominal f l i g h t  plan.  
burn t o  deple t ion  would be performed as i n  t h e  nominal t i m e  l i n e  and 
landmark t r ack ing  would be performed during t h e  remainder of t h e  crew 
day. 

A s  APS 

The mission would then  r e v e r t  t o  t h e  nominal t ime l ine .  

If t h e  DPS were used f o r  T E I ,  an unmanned APS burn t o  dep le t ion  
This t iming would would b'e pr fo rmed  as soon as poss ib le  a f t e r  TEI .  

a l low t h e  m a x i m u m  amount of unperturbed t r ack ing  for the first  t r p n s -  
e a r t h  MCC which occurs at approximately TEI  p lus  1 5  hours. The APS 
i s  t a r g e t e d  along t h e  v e l o c i t y  vec tor  t o  maximize t h e  chances of t h e  
ascent  s t age  going i n t o  an o r b i t  about t h e  sun. The MCC at T L I  p lus  
1 5  hours would be an SPS maneuver t o  r e t u r n  t o  e a r t h  i n  a minimum 
t r a n s i t  time cons i s t en t  with landing at 165' W wi th in  en t ry  v e l o c i t y  
limits. 
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3.3.2 Alternate  3b - LM APS burn t o  deple t ion  i n  lunar  o r b i t . -  
If t h e  LM were NO-GO f o r  undocking and if t h e  DPS were NO-GO f o r  a burn,  
then an APS burn t o  deple t ion  would be performed. The nominal time l i n e  
procedures would be simulated as c lose ly  as poss ib le  u n t i l  t h e  nominal 
time of t h e  phasing burn. After t h i s  t ime,  two add i t iona l  revolu t ions  
of LM t e s t i n g  could be performed. 
and t h e  APS burn t o  deple t ion  performed as i n  t h e  nominal t ime l i n e .  

The DPS s tage  would then be j e t t i soned  

Based on t h e  time used t o  perform f u r t h e r  LM checkout beyond t h e  
nominal t ime l i n e ,  landmark t r ack ing  could be performed i n  t h e  time 
per iod formerly used f o r  rendezvous. 

3.4 Alternate  4 - SPS TEI with Docked APS Stage 

I f  t h e r e  i s  a CSM communications f a i l u r e  i n  lunar  o r b i t ,  t h e  
a l t e r n a t e  would be  t o  perform TEI and t o  keep t h e  LM as a communications 
system. If the  DPS i s  ava i l ab le ,  t h e  DPS T E I  could be performed as 
described i n  a l t e r n a t e  3. 
with t h e  ascent s t age  at tached w i l l  be performed. 
f u e l  loading after LOI-2, t h e  SPS should have t h e  capab i l i t y  t o  achieve 
approximately 2800 f p s ,  which would provide a slow t r a n s e a r t h  f l i g h t  
time capab i l i t y  ( f i g .  3) . 

I f  t h e  DPS has been s taged,  then an SPS T E I  
Based on a nominal 
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